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Fig.l1 Operation mode of VPP
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Fig.2 Transaction scheduling process of VPP
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Table 1 Operation cost and peak regulation risk profit
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20 10090.86 22037.22
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Fig.3 Load curves under different risk

preference coefficients
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Table 2 Impact of different risk preference coefficients on bidding strategy
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Table 3 Impact of different deviation

settlement coefficients
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Table 4 Operation cost and peak regulation risk profit

under different member combinations

v WAHE BATHA /R A /
W OEIR fiffE G 7T G

1 1 1 1 1 20729.77 9961.30
2 1 1 1 0 -45227.21

3 1 1 0 1 24780.63 6545.85
4 1 0 1 1 44072.90 10171.56
5 0 1 1 1 75702.98 11055.78
6 1 1 0 0  -43861.05

7 1 0 1 0  -31516.88

8 1 0 0 1 48764.73 6524.40
9 0 0 1 1 103916.06 11656.25
10 0 1 0 1 81633.25 6934.50
1o 1 1 0 -14803.98

2 1 0 0 0 -30150.72

13 0 1 0 0 -1371032

4 0 0 1 0 -353.52

15 0 0 0 1 109 004.92 6987.00
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Table 5 Operation cost of each member

i BITIUA / TG
) MSTIETT BT
e -30150.72 -43670.420
B/IN -13710.32 -19383.362
fi#hE -353.52 -2729.170
1 i 109004.92 86512.730
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Operation mode of virtual power plant considering peak regulation auxiliary service
LI Jiamei, Al Qian
(Key Laboratory of Power Transmission and Power Conversion Control,Ministry of Education,
Shanghai Jiao Tong University,Shanghai 200240, China)
Abstract: Aiming at the problem that the uncertainty of wind and solar resources within VPP (Virtual Power

Plant) brings impact on its participating in peak regulation market, the research of VPP participating in

peak regulation market as the entity is carried out. The operation mode of VPP participating in both direct

electricity trading market and peak regulation market is adopted,and a day-ahead optimal operation model

of VPP based on conditional value at risk theory is proposed,which considers the uncertainty of wind and

photovoltaic power. The Shapley value method is used to reasonably distribute the expected cost obtained

by the combined operation of each member. Case simulation verifies the effectiveness and rationality of the

proposed operation strategy.

Key words:virtual power plant;peak regulation market;CVaR jtwo-stage stochastic optimization;Shapley value
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Fig.B5 Change of energy storage charging power with risk preference coefficients under different scenarios
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Table C1 Change of actual peak regulation output with risk preference coefficients under Scenario 1

I B FERFEA IR IKW
£=0.1 /=1 p=3 p=5 £=10 £=15 £=20
8 187.55 58.02 0 0 0 0 0
14 0 0 124712 1211.29 1157.73 757.70 757.70
22 715.57 855.21 824.72 482.78 279.54 281.26 301.33
24 552.70 516.51 491.02 491.02 227.85 227.85 152.09

RC2 R 2 THERNFAMEMEAILFBFRBNTIL
Table C2 Change of actual peak regulation output with risk preference coefficients under Scenario 2
i B FERFE TN ZE KW
£=0.1 /=1 £=3 £=5 =10 £=15 £=20
15 129585 1201.35 1843.16 1867.61 1231.03 1035.06 1035.06

17 797.78 788.84 765.11 765.11 748.47 739.87 639.48
22 597.09 736.73 706.24 364.30 161.06 162.78 182.86
24 324.85 288.66 263.16 263.16 0 0 0
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Table C3 Change of actual peak regulation output with risk preference coefficients under Scenario 3

B B 7RI THFE W

£=0.1 p=1 B=3 B=5 p=10 p=15  B=20
7 274.83 0 0 0 0 0 0
8 105290  923.37 782.73 817.74 826.30 86050  856.19
14 0.00 0.00 489.42 453.59 400.03 0 0
15 599.26 504.75 1146.56 1171.02 534.44 338.47 338.47
17 32.67 23.73 0 0 0 0 0
24 61.68 25.49 0 0 0 0 0

P D:
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Table D1 Change of actual peak regulation output with risk preference coefficients under Scenario 1

I B FENFEIC T ZIKW
£=0.1 /=1 £=3 £=5 £=10 £=15 £=20

2 424284 424284 4 242.84 424284 3443.08 3025.10 3469.21
3 3833.61 3833.61 327450 2626.73 2070.32 2004.56 2 016.95
5 0 4113.90 4113.90 4113.90 4113.90 2400.94 2 355.39
6 4 479.27 4022.76 4022.76 4292.76 2 765.56 2854.72 2 302.05
7 3500.02 0 0 0 0 0 0

8 3350.89 3221.36 3163.34 3163.34 3163.34 3163.34 3163.34
14 0 0 1750.00 1750.00 1750.00 2797.40 2783.04
15 2 500.00 2 500.00 2 500.00 2534.94 4978.05 5631.29 5631.29
17 2186.13 2195.07 2218.80 2218.80 2235.43 224404 2344.43
22 1750.00 1750.00 1 750.00 1750.00 1750.00 1 750.00 1750.00
24 1750.00 1750.00 1750.00 1750.00 1750.00 1750.00 1750.00
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Table D2 Change of actual peak regulation output with risk preference coefficients under Scenario 2

B B IR FEIETHFE W
=01 p=1 B=3 B=5 =10 p=15 £=20

2 4915.49 4 458.98 4 554.98 4 554.98 3692.69 3692.69 3730.03
3 4687.65 4687.65 412854 375077 289089 286365 282632
5 0 3525.56 3429.57 342957 3525.56 1812.60 2 223.56
6 431122 431122 431122 431122 305402 268667  2133.99
7 3757.76 0 0 0 0 0 0

8 388033 421620 421620 421620 421620 421620  4216.20
14 0 0 2 500.00 2 500.00 2 500.00 3996.29 3975.77
15 1 750.00 1 750.00 1750.00 1774.46 3 484.64 3941.90 3941.90
17 175000 175000 175000 175000 175000 175000  1750.00
22 175000 175000 175000 175000 175000 175000  1750.00
24 175000 175000 175000 175000 175000 175000 182577

#* D3 173 3 TFIESERRE DR I iF R B AL

Table D3 Change of actual peak regulation output with risk preference coefficients under Scenario 3

B F NI HRIKW
$=0.1 p=1 p=3 B=5 $=10 p=15 p=20

2 4 000.39 3639.17 4 095.68 4 095.68 3295.92 3295.92 327394
3 3828.15 3828.15 3269.04 2626.73 2031.79 2004.56 1978.42
5 0 4 355.58 3899.07 4163.62 4 355.58 2219.18 2 952.05
6 3969.45 4 201.03 4201.03 4 201.03 2520.39 2576.48 1750.00
7 3 385.68 0 0 0 0 0 0

8 3350.89 3221.36 3080.72 3115.73 3124.29 3158.49 3154.18
14 0 0 1 750.00 1750.00 1750.00 2797.40 2783.04
15 1750.00 1750.00 1750.00 1774.46 3484.64 3941.90 3941.90
17 1750.00 1750.00 1 750.00 1750.00 1766.64 1775.24 1875.63
22 1889.64 1750.00 1780.49 2122.42 2 325.67 2323.95 2303.87
24 1750.00 1750.00 1 750.00 1750.00 2013.16 2013.16 2 088.93
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